The effect of Brilliant Green on motility was studied with Salmonella anatum, S. derby, S. tennessee, Escherichia coli, Proteus vulgaris, and Pseudomonas aeruginosa. Semisolid tryptic soy-agars containing 0, 20, or 40 mg of Brilliant Green per liter were used as the motility media. Both concentrations of Brilliant Green inhibited the growth of the non-Salmonella species through the semisolid agar. For 24 hr, the Brilliant Green appeared to limit the growth of the salmonellae; however, by 48 hr the salmonellae were able to grow through the semisolid agars. The presence of Brilliant Green in the motility media aided in the detection of Salmonella when mixed cultures were used.
For many years investigators have taken advantage of the selective action of dyes which inhibit gram-positive bacteria but which allow the growth of gram-negative bacteria in the determination and isolation of enteric microorganisms.
Many methods and procedures have been substituted or modified since the work with dyes first started. Rakieten and Rettger (5) used Brilliant Green dye in combination with other chemicals to inhibit certain gram-negative organisms and to allow typhoid and paratyphoid organisms to be isolated.
Miller and Banwart (4) used various concentrations of Brilliant Green and bile salts to study inhibition of Salmonella species, along with other bacteria capable of fermenting mannitol. They found that as the concentrations of bile salts increased, the inhibitory effect of Brilliant Green toward Salmonella decreased.
Stokes and Osborne (6) developed a selenite Brilliant Green medium for the isolation of Salmonella. This medium inhibited the growth of Escherichia coli and Proteus vulgaris, but not the growth of Salmonella organisms.
The following investigation was initiated to determine the effect of Brilliant Green dye on the motility of Salmonella and other selected motile microorganisms.
MATERIALS AND METHODS
Glass apparatus. The glass apparatus used, described by Banwart (2) , consisted of a center chamber with three projecting U-shaped tubes. The glass apparatus was autoclaved for 30 minutes at 121 C.
Media. The glass apparatus was prepared for use by adding 7 ml of semisolid media to the three side tubes. The basic semisolid medium, consisting of tryptic soy broth (TSB) without dextrose (Difco) with 8 g of agar (Difco) per liter, was added to one of the side arms. The two experimental semisolid media, consisting of the basic medium plus 20 or 40 mg of Brilliant Green dye per liter (Difco; 98% dye content), were added to the remaining two side arms. Two series of flasks were set up, one series with 250 g of lactose broth and the second series with 250 g of TSB (with dextrose) added to the center chamber of the apparatus. After the agar plugs had solidified, 3 ml of Brain Heart Infusion (BHI) broth was added to the top of the agar plugs in the side arms of the apparatus. The apparatus was then ready for inoculation.
Organisms. The following organisms, which had been grown in nutrient broth for 24 hr at 37 C, were used: S. anatum, S. derby, S. tennessee, E. coli, P. vulgaris, and Pseudomonas aeruginosa.
Dilutions. Each of the 24-hr broth cultures was diluted in a 0.1% sterile peptone solution from 1-2 through 10-. Appropriate dilutions were plated on plate-count agar (PCA) to ascertain the initial number of cells that were present in the inoculum when added to the glass apparatus. After 24 hr of growth on the PCA at 37 C, the colonies were counted.
Inoculation of flasks. A 1-ml amount of each of the above cultures was pipetted individually into the flasks containing either lactose or TSB. The Salmonella species were pipetted from a 10-7 dilution, whereas the non-Salmonella species were pipetted from a 10-2 dilution. In another series of flasks, the organisms were added as a mixture to the glass apparatus containing either lactose or TSB. Each species of Salmonella was mixed with the three non-Salmonella species. To determine the growth of the three non-Salmonella species, these organisms were also MOTILITY OF SALMONELLAE mixed into the glass apparatus containing either lactose or TSB. All flasks were incubated for 24 and 48 hr at 37 C.
Motility. Turbidity of the BHi broth above the semisolid agar in the side arms was considered as evidence that the organisms were motile. The BHI broths were observed after 24 and 48 hr to determine which organisms had grown through the semisolid agars and into the BHI broth.
Serology. Agglutination reactions were performed using Salmonella-H polyvalent antiserum. The growth from the BHI broth in each of the side arms of each mixed culture containing Salmonella was tested with this antiserum.
Technique for counting. The most probable number technique (1) was used to determine the number of Salmonella present in BHI broth when mixed cultures were added to the center chamber. Since the Salmonella species fermented dulcitol and the nonSalmonella species did not ferment dulcitol, the fermentation of this carbohydrate was considered to be evidence that Salmonella was present in the mixture. The BHI broths which showed no agglutination in Salmonella-H polyvalent antiserum were included in these tests.
RESULTS AND DISCUSSION Table 1 shows the results for the pure culture studies using the three Salmonella and nonSalmonella species grown separately in TSB. The total number of organisms inoculated was much higher for non-Salmonella than for Salmonella species. However, the Salmonella species were able to grow through all three semisolid agars and into the BHI broth. The non-Sal- (Table 2 ). The Salmonella species grew through all three semisolid agars, whereas the non-Salmonella species grew only through the agar without added dye. Incubation of the Salmonella cultures for 48 hr resulted in turbidity of the BHI broth in 23, 27, and 22 of the 30 tubes when the semisolid media contained 0, 20, or 40 mg of Brilliant Green dye, respectively, per liter.
According to the analysis of variance and the multiple range test (4) there were significant differences in the number of turbid BHI broths between the three semisolid agars and the three species of Salmonella after the first 24 hr of VoL. 18, 1969 on September 20, 2017 by guest http://aem.asm.org/ Downloaded from incubation. After 48 hr of incubation, the cultures that contained S. anatum and S. derby showed no significant differences among the three semisolid agars. In the culture that contained S. tennessee, after 48 hr of incubation there was no significant difference in the number of turbid BHI broths between the semisolid agars that contained no Brilliant Green and those that contained 20 mg of Brilliant Green per liter. However, after 48 hr of incubation the number of turbid BHI broths above the semisolid agar containing 40 mg of Brilliant Green per liter was significantly lower than those above the semisolid agars containing no dye and 20 mg of dye per liter. The number of turbid BHI broths obtained with each species of Salmonella was significantly higher after 48 than after 24 hr of incubation. Table 3 shows the results obtained when each of the Salmonella species was mixed with the three non-Salmonella species and grown in TSB.
With the mixed cultures which contained a larger number of the non-Salmonella than Salmonella species, more BHI broths were turbid after 48 than after 24 hr of incubation. After 48 hr of incubation, out of 30 broths for each of the three media, turbidity was observed in BHI broth in 26, 23, and 17 tubes containing no dye, 20 mg, and 40 mg of dye per liter, respectively. No turbid broths were observed when only the nonSalmonella species were mixed, indicating that the concentrations of dye used were completely inhibitory for these organisms. When each of the Salmonella species was mixed with the non-Salmonella species and grown in lactose broth, 30 tubes of BHI were turbid after 48 hr when no Brilliant Green was present (Table 4) , whereas 24 and 14 were turbid when 20 and 40 mg of Brilliant Green dye per liter, respectively, were present.
Agglutination tests of turbid BHI broths performed with Salmonella-H polyvalent anti- Agglutination reactions were run on turbid brain heart infusion BHI broths observed in only 5 of the 10 flasks of the mixed cultures.
b Brilliant Green dye concentration is the amount added per liter of TSB (without dextrose) used in the semisolid agar.
c Number of tubes showing turbid (BHI) broths out of five tests. Apparently, large numbers of Salmonella are needed before an agglutination reaction is visible, since it has been shown in our laboratory that a 1:10 dilution of a pure Salmonella broth culture gives only a slight reaction with the polyvalent antiserum. To prevent interference with the Salmonella agglutination reaction by nonSalmonella species, some type of inhibitor for these organisms should be present in the semisolid agars. In these experiments, 20 mg of Brilliant Green dye per liter inhibited the nonsalmonellae species but allowed the salmonellae to grow.
